Abstract: Background. Hispanics with diabetes oft en have defi cits in health literacy (HL). We examined the association among HL, psychosocial factors, and diabetes-related selfcare activities. Methods. Cross-sectional analysis of 149 patients. Data included patient demographics and validated measures of HL, physician trust, self-effi cacy, acculturation, self-care behaviors, and A1c. Results. Participants (N=60) with limited HL were older and less educated, and had more years with diabetes compared with adequate HL participants (N=89). Limited HL participants reported greater trust in their physician, greater selfeffi cacy, and better diet, foot care, and medication adherence. Health literacy status was not associated with acculturation or A1c. In adjusted analyses, HL status remained associated with physician trust, and we observed a notable but nonsignifi cant trend between HL status and medication adherence. Discussion. Lower HL was associated with greater physician trust and better medication adherence. Further research is warranted to clarify the role of HL and physician trust in optimizing self-care for Hispanics.
and its disproportionate burden of diabetes continue to rise, 7,9-11 so too does the need for improved diabetes care in this population. Paramount in eff ective management of diabetes is an individual's ability to engage in several daily self-care activities. Th ese include, but are not limited to, blood glucose monitoring, managing insulin and oral medication regimens, performing foot care, monitoring dietary intake, and engaging in physical activity. Each of these activities requires varying levels of time and diseasespecifi c knowledge, motivation, and skill, posing signifi cant challenges for patients, particularly those with limited health literacy and psychosocial barriers. [12] [13] [14] Psychosocial factors such as trust in one's physician, self-effi cacy for diabetes care, and level of acculturation can infl uence diabetes-related outcomes. In several previous studies, focused predominantly on White, English-speaking adults with diabetes, increased trust in one's physician has been associated with better glycemic control, 15 ,16 yet to date it remains unclear whether level of physician trust diff ers by literacy status. 17 Diabetes self-effi cacy, which represents one's confi dence in performing the tasks of self-care 18 has been shown among English-speaking patients to explain the relationship between patient's HL status, numeracy status (i.e., math skills), and glycemic control. 19 Higher self-effi cacy has also been associated with improved diet, exercise, and self-monitoring behaviors across race/ ethnicity and HL levels. 4 Acculturation is best understood as a non-linear process in which an individual adopts varying degrees of values, norms, and behaviors from a predominant culture into their own way of life. 20 Th e impact of acculturation on diabetes for Hispanics has been mixed with some studies reporting an association between higher acculturation and an increased prevalence of type 2 diabetes, 21 obesity, and poorer dietary quality, 22 while others report no relationship between level of acculturation and glycemic control. 23, 24 Th eoretical/ conceptual framework. Paasche-Orlow and Wolf 25 conceptualized the relationship between health literacy and health outcomes along a continuum of health care. Th erein it is believed that both patient factors (i.e., health literacy, age, race/ ethnicity) and health system factors (i.e., complexity of the health care environment, available resources, and provider communication skills) infl uence patient access and utilization of health care, the patient-provider interaction, and self-care behaviors. In turn, these factors are believed to aff ect health outcomes. Additionally, we propose that for Hispanics with diabetes, other individual factors such as trust, acculturation, and years living with disease may also provide additional infl uence on an individual's healthcare experience and in turn aff ect the attitudes and behaviors related specifi cally to diabetes control ( Figure 1 ). Latham and Calvillo, 26 in their Hispanic Health Protection Model, showed that greater acculturation was associated with greater knowledge of diabetes and improved diabetes-related quality of life, but they were unable to include self-care indices in their fi nal analysis. Taken in concert, these models raise additional questions regarding the factors that promote self-care among low income Hispanic adults with diabetes. Of particular interest to us was the relationship between HL, trust in one's physician, self-effi cacy, acculturation, and self-care behaviors. Based on the aforementioned models, we hypothesized that among Hispanic adults with diabetes, greater HL would be associated with higher levels of trust in one's physician, greater self-effi cacy for diabetes care, higher levels of acculturation, improved self-care behaviors, and better glycemic control compared with those with lower HL status.
Methods
Identifi cation of participants and data collection. From March 2008 through August 2009, patients were approached during regular clinic hours at an adult community-based academic Internal Medicine clinic and two federally qualifi ed health centers (FQHC) in Nashville, Tennessee. All three centers serve a Hispanic population that has experienced signifi cant growth and contains many new immigrants. 10, 11 Eligible patients were ages 18-85, self-identifi ed as Hispanic, had spoken Spanish fl uency, corrected visual acuity ≤ 20/ 50, and did not have a history of psychosis or dementia. Th e Meharry Medical College Institutional Review Board approved the study protocol, and both safety-net clinics provided written agreements for participation. Informed consent and HIPAA authorization to access medical records were obtained from each participant in Spanish prior to enrollment.
Trained bilingual research assistants 27 conducted a semi-structured interview with each participant that lasted approximately 60 minutes. For patients categorized as having inadequate HL according to the Short Test of Functional Health Literacy in Adults (S-TOFHLA), RAs verbally administered the remaining measures. Glycated hemoglobin (A1c) and lipid blood tests were collected using point-of-care measurements for participants who did not have results of these tests in the medical record within six weeks prior to recruitment. All participants were compensated $20.
All measures were administered in Spanish due to the high prevalence of limited English profi ciency among our sample. Data collection included age, gender, Hispanic subgroup, years of formal education, insurance status, income level, years since diagnosis, previous receipt of diabetes education, diabetes type, and insulin use. Body Mass Index (BMI) (kg/ m 2 ) was calculated using weight and height data extracted from the medical record. Additionally, reliable and validated Spanish versions of the following instruments were administered to each participant: the Short Test of Functional Health Literacy in Adults (S-TOFHLA), 28 Short Acculturation Scale for Hispanics (SASH), and Summary of Diabetes Self-Care Activities (SDSCA) 30, 31 questionnaire. As validated Spanish versions of the Trust in Physician Scale (TPS), 32 and Perceived Diabetes SelfManagement Scale (PDSMS), 33 did not exist, we implemented a rigorous translation, back-translation process with iterative feedback from bilingual staff and potential participants to ensure each instrument's readability and face validity prior to use. 34 Th e S-TOFHLA is a 36-item questionnaire that assesses health literacy status using two prose passages. Scores of 0-16, 17-22, and >23 distinguish inadequate, marginal, and adequate HL, respectively. 28 Th e Short Acculturation Scale for Hispanics (SASH) consists of 12 items that measure acculturation in the domains of language, media use, and social interactions. 29 Th is scale has been used with a variety of Hispanic subgroups including Mexicans, Cubans, Puerto Ricans, Dominicans, and Central and South Americans. Average SASH scores greater than or equal to three identify individuals with greater levels of acculturation. 29 Th e SDSCA is a 14-item measure that assesses self-reported adherence during the prior week to diff erent self-care activities including medication use, general and specifi c diet (i.e., following a "healthful eating plan" or consuming fruits/ vegetables and foods low in fat, respectively), foot care, exercise, and blood-glucose testing. All responses to self-care activities ranged from 0-7 days. 30 Th e Trust in Physician Scale measures interpersonal level of trust in one's physician across 11 items. Scores range from 11-55 with higher scores indicating greater levels of trust. 32 Finally, the PDSMS is an eight-item measure of one's confi dence in diabetes self-management. Higher scores indicate greater confi dence in self-care with scores ranging from 8-40. 33 Statistical analysis. Demographic and diabetes related factors were compared by HL status dichotomized as adequate vs. marginal + inadequate (subsequently referred to as "limited HL"). Median and interquartile range [IQR] was used for continuous variables and compared by HL status using the Wilcoxon rank-sum test. Categorical variables were described as frequencies with percent and compared by HL status using chi-square tests. All self-care activities were assessed using integer scale except for medication adherence which was dichotomized to non-perfect (referent group) vs. perfect for consistency with previously described methodologies. 35, 36 To assess the adjusted association between HL and psychosocial factors (i.e., trust in one's physician, self-effi cacy, acculturation), and HL and self-care activities (e.g., general and specifi c diet, blood glucose testing, exercise, and foot care), we conducted separate multivariable linear regression models controlling for patient age, gender, income, and insurance status. To assess the independent association of HL status with self-reported medication adherence, a multivariable logistic regression model was used adjusting for the covariates described above. In multivariable regression models, HL was included as a continuous measure (s-TOFHLA raw score). Additionally, several data driven decisions were made, including assessment of the direct association between years since diabetes diagnosis and both level of physician trust and self-effi cacy for diabetes care using Spearman correlations (rho). We subsequently included these covariates (i.e., years since diagnosis and self-effi cacy) in the adjusted models that assessed the association between HL/ trust and HL/ medication adherence. Finally, we assessed the potential mediating eff ect of trust in one's physician on the association of HL and medication adherence using three sequential sets of multivariable regression models. Th ese fi rst assessed the association between trust and medication adherence, and HL and trust, and then assessed whether the relationship between HL and medication adherence was attenuated by the inclusion of trust in the model. Statistical analyses were performed using R version 2.12.1 (http:// www .r-project .org).
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Results
During the recruitment period, 163 adult Hispanics with diabetes were approached. Th irteen declined participation due to time constraints, inability to sign consent, or lack of interest, and one participant was screened ineligible due to a history of dementia. Of the 149 who were eligible and agreed to participate, complete data are available on 140 (94%). Scores on the S-TOFHLA indicated that 40% of the sample had limited HL. Table  1 presents diff erences in demographic and diabetes-related factors by HL status. On average, participants with limited HL were older, less likely to be of Mexican heritage, had less educational attainment, more years living with diabetes, and were more likely to be unsure of their diabetes type. Th ere were no signifi cant diff erences by HL status in gender, income, insulin use, previous receipt of diabetes education, BMI, lipids, or A1c. In both groups, nearly all of the participants had low levels of acculturation, were monolingual in Spanish and uninsured. Table 2 presents the unadjusted and adjusted associations between HL status and the psychosocial factors of interest (i.e., self-effi cacy, acculturation, trust in one's physician), and between HL status and various diabetes self-care activities. In unadjusted analyses, participants with limited HL reported greater self-effi cacy for diabetes care and greater trust in their physician compared with participants with adequate HL. HL status was not associated with acculturation scores. Participants with limited HL also reported greater adherence to a general diet (i.e., "healthful eating plan"), better foot care, and better medication adherence compared with participants with adequate HL. HL status was not associated with following a specifi c diet (i.e., fruit/ vegetable, low fat), blood glucose testing, or physical activity.
In multivariable analyses, aft er adjusting for age, gender, income, and insurance status, higher HL remained signifi cantly associated with less trust in one's physician (β = -1.80; 95% CI:-3.6, 0.02, p=.05), and there was a non-signifi cant yet notable trend between higher HL scores (IQR diff erence of 14 points) and greater probability of non-adherence to one's medication regimen (AOR = 1.6; 95% CI:0.9,3.0, p=.11) . Interestingly, in our sample greater years living with diabetes signifi cantly correlated with greater self-effi cacy for diabetes care for the limited HL participants (rho=0.27, p=.04) but not for those with adequate HL (rho=0.20, p=.06). Similarly, years with diabetes correlated signifi cantly with higher levels of physician trust in the sample as a whole (rho=0.17, p=.04) but not when stratifi ed by HL status. Th e post-hoc addition of years with diabetes and self-effi cacy as covariates in the models assessing the association between HL and trust in physician and HL and medication adherence did attenuate the previously observed relationships to non-signifi cant; however, analysis of the modifying eff ects of these covariates on those relationships did not demonstrate signifi cant evidence for eff ect modifi cation (Figure 2 ; shown for medication non-adherence only). Similarly, sequential regression modeling to assess the mediating eff ect of trust 
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14 (24) 35 (40) . in one's physician on the relationship between HL and medication adherence did not demonstrate statistically signifi cant association to support this role.
Discussion
In this sample of low-income adult Hispanics with diabetes, those with limited HL reported greater trust in their physician, greater self-effi cacy for diabetes care, and greater adherence to several self-care activities including following a general diet, performing foot care, and adhering to their medication regimen. Even aft er controlling for important covariates, higher HL remained marginally associated with lower physician trust and there was a notable trend towards poorer medication adherence. Th ese fi ndings were unexpected yet provide some important and useful insight into the potential relationship between HL and several important psychosocial and behavioral factors among Hispanics with diabetes. Trust in one's physician is known to infl uence several health-related factors including the quality of the patient-provider interaction, [38] [39] [40] patient utilization of health care services, [41] [42] [43] and patient satisfaction with care. 44, 45 Ciechanowski et al. reported that patients who had a "dismissing" attachment style characterized by high self-reliance and less trust of others were more likely to have lower adherence to diet, foot care, physical activity, and diabetes medication adherence, and that these associations were mediated by the patient-provider relationship. 46 Larkey et al. have identifi ed confi anza (trust) and personalismo (i.e., an expectation of being dealt with in a caring and personal manner) as important constructs that infl uence Hispanic health-seeking behavior in general, 47 but our study is the fi rst to specifi cally demonstrate an association between HL status and trust in one's physician and HL status and diabetes-related behaviors in this population.
Th e question remains as to why higher HL did not associate with greater trust in one's physician, greater self-effi cacy for diabetes care, and improved medication adherence as we stated a priori. Th e fact that lower HL status in our sample was associated with signifi cantly greater years living with diabetes may refl ect greater opportunity for these participants to have developed a trusting relationship with a provider and gain the confi dence needed for self-care. Th is is supported by our observed signifi cant correlation between years with diabetes and self-effi cacy among the low literate subgroup in our sample and the signifi cant association between years with diabetes and physician trust among the sample as a whole. Furthermore, patients with higher educational attainment (oft en a proxy for HL) have been shown to conceptualize their involvement in medical decision making as a shared process between themselves and their provider. Th is includes verifying the credibility of information and exploring options beyond what is given during the encounter. 48 It is plausible then that lower health literate patients may be more inclined to "trust" without questioning the recommendations of their physician compared with higher health literate patients. Th ese higher levels of trust and self-effi cacy may in some circumstances translate into better self-care irrespective of literacy status. Finally, Schillinger et. al showed that patients with higher and lower functional health literacy skills experience similar quality of communication with their provider in the "listening" domains of communication 49 (eg., eliciting concerns) which arguably could infl uence trust more so than the "explanatory" domains in which lower functionally health literate patients consistently experience poorer communication. Similarly, Sudore et al. provided evidence that higher health literacy is not always an adequate buff er for poor communication particularly in language discordant settings. 50 Overall, our fi ndings may suggest that particularly for lower literacy patients, time with disease may be an important factor for the development of certain interpersonal processes (e.g., trust, self-effi cacy, disease management skills) that can potentially aff ect diabetes-related outcomes.
Our study is subject to several limitations. Due to the cross-sectional nature of our design and data collection we must interpret our results with caution and refrain from inferring causation between variables. Our fi ndings are also based on a small sample size that lacked signifi cant variation in terms of socio-demographics and acculturation level. Th is may aff ect the generalizability of our fi ndings to other more established Hispanic populations, particularly among those Hispanics who speak English well. Our small sample size additionally precludes a more in-depth analysis of the potential mediation pathways between our variables of interest which could shed additional light on issues of causality. Measurement issues additionally are of concern in that the majority of our measures relied on self-report and particularly for the self-care items were assessed over a short period of time. Furthermore, response bias or simpatia (i.e., a desire to be courteous, respectful, and avoid confl ict) has been described as a potential cause of over-reporting among Hispanics, 51 although it is unclear whether response bias may diff er by HL status. Finally, we did not specifi cally gauge other factors that may infl uence trust in one's physician (e.g., ethnic and linguistic concordance, length of patient-provider relationship, satisfaction with care) nor do we know other details of the participant's clinical encounter (e.g., length of time, topics discussed, interpreter use, level of patient engagement) that would allow us to assess better the quality of the patient-provider interaction and thus draw further conclusions.
Conclusions. Overall, our study has begun to explore the association of HL with important psychosocial factors and diabetes-related behaviors among Hispanic adults with limited resources. As the Hispanic population continues to grow in the U.S. and face increasing burden of diabetes in the context of socio-political and demographic challenges, more research is needed that focuses on determining the most effi cacious methods of improving diabetes care for this vulnerable population. We believe that physician trust and the patient-provider relationship are modifi able factors that will ultimately play an important role in addressing the disparities of diabetes care facing Hispanics patients of all HL levels.
